SUMMARY Twenty normal subjects and 82 patients with valvular heart disease, whose lesions were independently assessed either by cardiac catheterisation and/or at operation, were studied using the pulsed Doppler technique combined with either one or two dimensional echocardiography. Of these, 41 patients had tricuspid lesions, including 40 with regurgitation and nine with stenosis. The tricuspid analogue flow velocity trace and the Doppler frequency spectrum (time interval histogram) were recorded. Characteristic differences were found between the records from subjects with and without tricuspid lesions. In subjects with tricuspid regurgitation there was a systolic negative wave on the analogue velocity display and broadening of the time interval histogram. In subjects with tricuspid stenosis there was an abnormal pattern, and significantly increased duration of the diastolic wave on the analogue velocity trace, again with broadening of the time interval histogram. Sensitivity and specificity ranged between 85 and 95%. The calculated ratio between the measured amplitudes of the systolic and diastolic waves correlated well with independently performed grading of the regurgitation on a three point scale in 85% of cases. Grading of the severity of tricuspid stenosis on a three point scale based on studies of the diastolic Doppler velocity anomalies was the same in 85% of cases as the grading based on established invasive techniques. The addition of two dimensional echocardiography to the pulsed Doppler technique increased the sensitivity for mild lesions.
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Invasive procedures do not solve all the diagnostic problems raised by tricuspid lesions,'-5 in spite of some helpful contributions from dye dilution,2 intracardiac phonocardiography,67 and angiography. 8 Echocardiography,9-"l even when combined with contrast injections for the study of tricuspid regurgitation,'2 13 often lacks sensitivity and may give nonspecific diagnostic information, since it relies on peripheral or indirect data, such as motion of the interventricular septum. As early as 1970, continuous wave Doppler provided information on systemic venous return and led to a new diagnostic method for the evaluation of tricuspid disease.'1'6 The crucial advantage of pulsed Doppler, combined with either one dimensional'7-24 or two dimensional25 echocardiography, is that it provides direct data from the site of the lesions. The present study was undertaken to evaluate the reliability of this new method when applied both to regurgitation and stenosis.
Accepted for publication 29 January 1982 Subjects and methods
The study population included 20 normal subjects (12 women and eight men, mean age 28 years), and 82 patients (50 women and 32 men, mean age 38 years) in whom the presence of a tricuspid lesion was confirmed or ruled out using classical invasive procedures, that is right heart catheterisation (77 cases), with Tricuspid Doppler recordings were obtained by locating the transducer at the lower parasternal edge when using the one dimensional echo Doppler (37 cases). '7 For two dimensional echo Doppler, we used the parasternal short axis (aortic valve and left ventricular level), apical four chambers, and subcostal views (45 cases), previously described for normal hearts. 25 In brief, two dimensional echo Doppler recordings always required successively: (1) dynamic scanner visualisation of the tricuspid valve, (2) location of the Doppler beam at the desired angle to the tricuspid valve, (3) adjustment of the Doppler gate to control the depth of the sample volume along that beam. This was achieved by obtaining a good two dimensional scan of the right heart cavities and of the tricuspid valve, and then the axis of the Doppler beam seen as a continous white line was swept across the scan plane by moving a lever on the probe until it crossed the tricuspid valve at the desired angle. The Doppler gate, seen as a bright spot, was adjusted using a control on the probe. The image was then frozen while the apparatus was automatically switched to the Doppler system. When the characteristic Doppler sound was heard, the recording was made. We recorded several samples at the annulus: at least one at the centre of the annulus and one at the commissures.
VARIABLES STUDIED
The study involved the analysis of both the analogue and the spectral displays.
(1) Analogue flow velocity traces These were examined for the presence or the absence of a systolic negative wave, its amplitude, duration, and spatial annular extension, and also for the diastolic pattern.
(a) When a negative wave was present, an index of its magnitude was calculated: the negative/positive (N/P) ratio. This was obtained for each recording in the following manner ( Fig. 1 ): the amplitude of the negative wave was measured at two points in systole, the first (N1) 70 ms after the first heart sound, and the other (N2) 70 ms before the second heart sound as shown on the phonocardiogram. The maximum diastolic positive deflection (P) from the trace was measured and the mean of the ratios NI/P and N2/P was calculated; that is NI/P+N2/P. This 5, systolic segment; "D" and "A", early-and end-diastolic positive filling waves; NI and N2, amplitude ofthe negative wave cakulated in centimetres from the zero line; P, maximal amplitude ofthe positive diastolic wave calculated in centimetres from the zero line). The systolic negative depth is measured in two points ofsystole: -0-07 s after the end ofthefirst heart sound (NI), and -0 07 s before the second sound (N2); it is then related to the amplitude of the "DI' wave (P); the same manoeuvre is repeated on another blood velocity sample examined at the annulus, and the overall mean is calculated.
calculated. Where more than two recordings were available, the most disparate values of N/P were used to obtain the mean. Where one of these was zero, the other value was divided by two.
(b) The duration of the early diastolic filling wave (D) was measured for patients with atrial fibrillation. The time interval was corrected for heart rate by the Bazett27 formula. (Fig. 2) , (2) amplitude of the dispersion at least twice as wide as that seen on the spectrum for laminar flow in segments of the same cardiac cycle, (3) duration of the disturbance equal to or greater than 0.10 s, and (4) absence or interference from any cardiac structure motion.
Analysis of the Doppler data was made without knowledge of the results of the invasive procedures. A statistical analysis of the results was performed using a Hewlett Packard 4815 with determination of: (1) the mean value and standard deviation for the duration of the diastolic filling (D) wave in cases of atrial fibrillation and for the N/P radio in cases of regurgitation; (2) the significance of the differences found between different grades of severity for the latter, assessed using the Student test (t and P); (3) the linear regression equations between the calculated Doppler data and the haemodynamic variables. Fig. 2 shows the normal pattern of the tricuspid flow velocity trace both for analogue and spectral display, using the two dimensional echo Doppler. Neither an abnormal spectral broadening nor a systolic negativity was noted during the cardiac cycle.
Results

NORMAL SUBJECTS
PATIENTS WITH TRICUSPID LESIONS
Diagnosis
(1) Tricuspid regurgitation (Figs. 3 and 4) . The presence of an abnormal systolic negative wave and/or of a spectral broadening was noted in 41 patients. In 35 of these patients, tricuspid regurgitation was proven (sensitivity: 87%, and specificity: 85%). Five false negative diagnoses were found in patients with mild regurgitation, four of whom were studied with one dimensional echo Doppler only. False positive diagnoses were equally common using the two echo procedures.
(2) Tricuspid stenosis (Fig. 5) . In 10 cases, diastolic abnormalities were found on the velocity recordings where the corresponding Doppler sound was higher pitched; with the Doppler sample at one or several points of the annulus, the "D" summit of the analogue trace was cut off and replaced by an indented horizontal plateau or gently ascending slope with broadening of the corresponding part of the spectrum. In six patients with atrial fibrillation, a significant increase in duration of the "D" wave was noted (Table 1 and Fig. 6 ). Of these 10 cases, tricuspid stenosis was confirmed in eight cases by the invasive data: the ninth case of proven stenosis was not found by Doppler (sensitivity: 88%, specificity: 97%). In one false positive case, external compression of the tricuspid annulus caused by a huge left atrium was found during operation. Fig. 7 illustrates the overall results (sensitivity, specificity, predictive value, and accuracy of the method). Fig. 1) . Here, two different approaches are used to visualise the tricuspid valve: (A) on the left, using the apical four chamber view, (B) on the right, using the left ventricular short axis view; the Doppler gate (seen as a white point) has been moved along the Doppler beam (seen as a white line) to the level of the tricuspid valve: the characteristic normal tricuspidflow velocity pattem is displayed, both on the spectrum (botnom left and middle) and on the analogue (boom right). Four segments are shown: the "ic" deflection lined up with thefirst sound; the "S" segment near to the zero line because ofthe absence offorwardflow in systole and the two positive waves offorward flow, the early diastolic "D", and the end-diastolic "A" related to atrial contribution to the ventricularfiUing. Note the smooth pattern ofthe diastolic sunmits, and the absence ofany noticeable spectral broadening. In A, the gate was intentionally located a little higher than the annulus to show the effects ofthe valvular motion on the spectrwn: brieftransient dispersion of the dots is elicited, without pathological significance.
Assessment of severity of lesions (1) Tricuspid regurgitation ( Fig. 8 and Table 2 ). A significant increase in the N/P ratio between each grade of severity was found. Satisfactory grading of severity was obtained from Doppler data in 85% of cases, with two underestimations and one overestimation.
(2) Tricuspid stenosis. The assessment of the severity was satisfactorily obtained in 87% of cases, with one overestimation. The indented pattern was found at the commissures in two mild lesions o^t of three, and spread nearer to the centre in the five cases of moderate stenoses. No satisfactory recording could be obtained in diastole in one case of severe stenosis.
Correlations between NIP ratio, diastolic filling wave duration, and haemodynamic variables (Tables 1 and 2) No significant difference between the three grades of severity was found for the mean value of the "v" wave, the mean right atrial pressure, or the systolic right ventricular pressure. No satisfactory linear correlation was found between those variables and the measurements performed on Doppler data. 
PATIENTS WITHOUT TRICUSPID LESIONS
With the exception of the false Doppler diagnoses already mentioned the recordings were similar to those of normals. Disappearance of the "A" wave was observed in cases of atrial fibrillation; the "D" wave was normal in these patients (Fig. 9 ).
Discussion
The comments will be focused on (1) group.bmj.com on April 19, 2017 -Published by http://heart.bmj.com/ Downloaded from Table 1 with the two dimensional echo which enabled a more accurate investigation of the annulus and of the commissures. This fact probably explains the lower rate of false negative results for the diagnosis of mild regurgitation when using this apparatus. On the other hand, the signal to noise ratio was less good for the Doppler, and the probe less handy in this equipment than in the one dimensional device. One of our criteria for the assessment of a disturbed spectrum needs some comment: the reference to a normal segment in the cardiac cycle could be inadequate when combined lesions are present, but, in our experience, it was always possible to find a normal segment for comparison in such cases.
(2) TWO DIMENSIONAL ECHO Non-invasive diagnosis and assessmet of tricuspid regurgitation and stenosis The correlation of both displays (analogue and spectral) increased the diagnostic sensitivity; the reason was that some cases of mild regurgitation could only be shown on the spectrum and not on the analogue display, and, conversely, some cases of free regurgitation, described as "silent" during intracardiac phonocardiographic procedures,6 coexisted with apparently laminar flow. Two different procedures have been described to assess the severity of the tricuspid regurgitation: an index of systolic turbulence23 and the calculation of the N/P ratio22; in our experience, the characteristics in amplitude and duration of the spectral broadening appeared less reliable than the calculation of the N/P ratio, and were not taken into account for grading the severity. The evaluation of the severity therefore only relied, in the present study, on the measurement of the N/P ratio; we are aware that at least three factors prevent an accurate quantification of tricuspid regurgitation: (1) the somehow arbitrary selection of the two samples at the annulus, (2) the unknown angle 6 which, moreover, could vary if the heart moves and if forward and reverse flow are not at 1800 to each other, and (3) the variations in size of the tricuspid annulus during the cardiac cycle. 29 In spite of these limitations, our index proved to be clinically very useful for a semiquantitative evaluation of tricuspid regurgita- reliable than cardiac catheterisation since Doppler studies showed anomalies, diagnostic of tricuspid stenosis, where cardiac catheterisation disclosed no significant tricuspid pressure gradient; at operation, the valve was found to show commissural fusion and appeared typically stenosed. Severe tachyarrhythmia was the reason for a false negative result in one case where no adequate diastolic flow recording could be obtained. External compression of the orifice was found to have the same consequences upon flow as valvular stenosis and may, therefore, occasionally cause confusion.
The significantly increased duration of the early diastolic filling wave was a reliable and sensitive sign of stenosis in patients with atrial fibrillation, where the lack of "A" wave could make the pattern anomalies less obvious. This timing anomaly helped to avoid confusion with the increased diastolic flow component seen in patients with severe regurgitation, since there is no appreciable overlap between the respective values in both groups (Fig. 6) 31 In our study, the assessment relied on a pattern recognition method taking into account the central and commissural velocity patterns which appeared clinically reliable. No relation between the duration of the filling wave and the severity of the stenosis could be established in our limited number of cases, and this needs further investigation.
Conclusion
Provided that some methodological rules are observed, the pulsed Doppler technique seems the most reliable non-invasive method so far developed for assessment of tricuspid lesions; its reliability was maintained even in patients with atrial fibrillation and heart failure, and was independent of the level of right ventricular pressure.
